on the creatinine levels at screening. Results: Altogether, 205 patients were randomized (outreach, n = 103; vandetanib control, n = 102). This study did not meet its primary objective; the mean percentage of time patients experienced at least one AE of grade 2 or higher was higher for the outreach group (51.65%) than for the vandetanib control group (45.19%); the difference was not statistically significant (t statistic: 1.29; 95% CI -3.44 to 16.37%; p = 0.199). The most frequently reported AEs were diarrhoea (56.9% for the outreach group vs. 46.6% for the vandetanib controls), hypertension (36.3 vs. 31.1%), rash (25.5 vs. 24.3%) and nausea (25.5% vs. 18.4%), and the most frequently reported AEs of grade 2 or higher were hypertension (33.3 vs. 23.3%), diarrhoea (26.5 vs. 24.3%) and dermatitis acneiform (11.8 vs. 9.7%). Conclusions: Additional outreach to patients treated with vandetanib had no impact on the rate or severity of AEs compared to the standard AE monitoring schedule. AEs were consistent with the known safety profile of vandetanib. 
Introduction
Medullary thyroid cancer (MTC) is a malignancy of the parafollicular C cells of the thyroid gland, and it accounts for an estimated 4% of thyroid cancers [1, 2] . MTC can only be cured by surgery and, until recently, the treatment options for patients with advanced disease were limited [3, 4] ; however, progress in the understanding of the pathogenesis of MTC has led to the development of targeted therapies for this disease.
Several lines of evidence support a role for the rearranged-during-transfection (RET) proto-oncogene as a rational therapeutic target in MTC [1, [5] [6] [7] [8] [9] [10] . In addition to RET, vascular endothelial growth factor receptor (VEGFR) and epidermal growth factor receptor (EGFR) likely contribute to the growth and invasiveness of MTC [11, 12] .
Vandetanib is a once-daily oral multikinase inhibitor directed against VEGFR2, RET and EGFR [9, 13] . In the EU, vandetanib is indicated for the treatment of aggressive and symptomatic MTC in patients with unresectable locally advanced or metastatic disease. However, for patients in whom the RET mutation is not known or is negative, the product label states that a possible lesser benefit should be taken into account when making individual treatment decisions [14] . Across a number of clinical trials, the most common adverse events (AEs) in vandetanib-treated patients have been diarrhoea, rash, nausea, hypertension and headache [15] [16] [17] [18] [19] [20] , events consistent with the mechanism of action of VEG-FR and EGFR inhibition [17, 18, 20] . In the majority of cases, AEs were managed according to standard clinical practice based on developed algorithms (online suppl. table 1; see www.karger.com/doi/10.1159/000448919 for all online suppl. material) or in combination with vandetanib dose reductions or interruptions. However, because there is a risk of QT prolongation, torsades de pointes, and sudden death in patients who receive vandetanib, the Food and Drug Administration decided that the treatment should only be available through a restricted distribution programme as part of a Risk Evaluation and Mitigation Strategy (REMS). The European Medicines Agency recommended careful monitoring of QT changes during the whole treatment period.
Given the potential of long-term vandetanib treatment, effective management of AEs is crucial in order to maximize the clinical benefit and increase the patient's quality of life [21] . The current study, therefore, set out to investigate whether contacting patients proactively and repeatedly over relatively frequent, defined periods of time could result in earlier detection of the signs and symptoms of AEs.
Materials and Methods

Study Design
This is an open-label, randomized, multicentre, phase III study (ClinicalTrials.gov No. NCT01298323). Patients were randomized 1: 1 to either the experimental arm (inclusion in the patient outreach programme, referred to as 'outreach') or the control arm (standard AE monitoring schedule, referred to as 'vandetanib control') using an integrated voice/web recording system. Once randomized, the patients were followed for 52 weeks unless they met any of the criteria for discontinuation (patients could discontinue this study at any time and for any reason). Scheduled visits for patients in the vandetanib control arm were at weeks 2, 4, 8 and 13 and every 3 months thereafter, supplemented with extra visits as deemed necessary by the patient or the responsible physician. Patients randomized to the outreach group had supplementary phone calls from their physician or an experienced research nurse every second week, with the first contact after 1 week of treatment. Patients completing 52 weeks of treatment were given the option of either continuing to take the study drug or discontinuing the study permanently (refer to the online suppl. material for additional details).
The protocol was approved by the institutional review boards or independent ethics committees of all of the investigational sites. This study was performed in accordance with the Declaration of Helsinki, Good Clinical Practice, and the AstraZeneca policy on bioethics [22, 23] . All patients provided written informed consent, which was based on comprehensive information, including aspects of the clinical trial and a detailed description of most of the potential toxicities that patients might encounter during their treatment. In the consent form, it was stated that patients could contact the department responsible for their treatment in case of toxicity or other concerns.
Patients
Eligible patients were aged 18 years or older, with a histologically confirmed diagnosis of unresectable, locally advanced or metastatic hereditary or sporadic MTC and a performance status of 0-2 [World Health Organization (WHO) or Eastern Cooperative Oncology Group (ECOG)], for whom no standard therapy was available.
Treatments Administered
The starting dose of oral vandetanib was dependent on the patient's creatinine clearance at screening. Patients with a screening creatinine clearance ≥ 50 ml/min started vandetanib at 300 mg (3× 100-mg tablets) once daily. Patients with moderate renal impairment, defined as a screening creatinine clearance ≥ 30 to <50 ml/ min, started vandetanib at a reduced dose of 200 mg once daily (2× 100-mg tablets). The starting dose was administered throughout this study unless a dose reduction was required (refer to the online suppl. material for additional details).
Objectives
The primary objective of this study was to demonstrate a decrease in the percentage of time patients with locally advanced or 189 metastatic MTC experienced at least one AE of CTCAE grade 2 or higher in the first 12 months of vandetanib treatment with the use of a patient outreach programme compared to a standard AE monitoring schedule. The secondary objective was to obtain information on the safety and tolerability of vandetanib, which would be compared with data from the pivotal phase III clinical trial [20] .
Assessments
Safety was assessed throughout this study via monitoring and recording of AEs, 12-lead electrocardiogram (ECG) parameters, vital signs, clinical chemistry, haematology and urinalysis. AEs were classified using the National Cancer Institute's CTCAE (version 4). QTc prolongation was defined as a single value ≥ 550 ms or 2 consecutive measurements (within 48 h of each other), whereby a QTc interval was ≥ 500 but <550 ms.
Statistical Analysis
The primary endpoint was analysed using a Student independent 2-sample t test. All patients who received at least one dose of vandetanib were included in the safety population (refer to the online suppl. material for additional details).
Results
Patient Characteristics and Disposition
In total, 217 patients were enrolled from 33 centres in 20 countries between February 2011 and April 2012, and 205 patients were randomized to treatment (outreach, n = 103; vandetanib control, n = 102). Of these, 155 (75.6%) patients (outreach, n = 78; vandetanib control, n = 77) received the study treatment for 12 months. The patient disposition and reasons for discontinuation are shown in figure 1 . Of the 103 patients randomized to the outreach arm, 1 patient did not qualify for the outreach programme. This patient was included in the outreach group demographics, but for the safety analyses this patient was included in the control group.
The demographics and baseline characteristics of the patients are summarized in table 1 . The demographic characteristics in the overall population were well balanced between treatment arms. Overall, 194 (94.6%) patients had 
Safety Results
Primary Outcome
The mean percentage of time patients experienced at least one AE of CTCAE grade 2 or higher was 51.65% (SD 35.55) for the outreach arm versus 45.19% (SD 36.35) for the vandetanib control arm. This difference was not statistically significant (t statistic 1.29; 95% CI -3.44% to 16.37%; p = 0.199).
Extent of Exposure
The mean duration of treatment in the outreach arm (actual treatment exposure: 14.13 months) was slightly longer than that in the vandetanib control arm (actual treatment exposure: 13.87 months). Apart from 1 patient in the outreach arm who received vandetanib at 200 mg, all patients received a starting dose of vandetanib of 300 mg.
Dose interruptions occurred in 112 (54.6%) patients (60.8% of the outreach group vs. 48.5% of the vandetanib control group) and dose reductions occurred in 82 (40.0%) patients (43.1% of the outreach group vs. 36.9% of the vandetanib control group). Dose interruptions due to AEs occurred in 92 patients (44.9%) and dose reductions due to AEs occurred in 78 patients (38.0%). The most common AEs leading to dose interruptions were diarrhoea (n = 3; 1.5%), decreased appetite (n = 3; 1.5%) and hypertension (n = 6; 2.9%); all other AEs leading to dose interruptions were reported by 2 patients or fewer. Values are presented as medians (range), numbers (%) or means ± SD. The results include AEs with an onset date on or after the first dose and up to and including 60 days following the last dose. If the patient remained on the study medication after 12 months, only new SAEs were collected until 60 days after the last dose of the study medication. The most common AEs leading to dose reductions were diarrhoea (n = 10; 4.9%), increased alanine aminotransferase (ALT) (n = 4; 2.0%), rash (n = 11; 5.4%) and hypertension (n = 12; 5.9%).
Adverse Events
Most patients reported at least one AE [n = 101 (99%) in the outreach arm vs. n = 93 (90.3%) in the vandetanib control arm]. The most frequently reported AEs were diarrhoea, hypertension, rash and nausea ( table 2 ) .
AEs of CTCAE grade 2 or higher were reported in 90 (88.2%) patients in the outreach arm and in 83 (80.6%) patients in the vandetanib control arm. The most frequently reported AEs of CTCAE grade 2 or higher were hypertension (33.3 vs. 23.3%), diarrhoea (26.5 vs. 24.3%) and dermatitis acneiform (11.8 vs. 9.7%; table 3 ).
AEs of CTCAE grade 3 or higher were reported in 54 (52.9%) patients in the outreach arm versus 47 (45.6%) patients in the vandetanib control arm. The most frequently reported AEs of CTCAE grade 3 or higher were hypertension (16.7 vs. 10.7%), diarrhoea (6.9 vs. 2.9%), prolonged QT (3.9 vs. 4.9%), fatigue (2.0 vs. 2.9%) and rash (2.9 vs. 1.9%).
Of the 194 (94.6%) patients who experienced AEs during this study, 179 (87.3%) had a drug-related AE [n = 91 (89.2%) in the outreach arm vs. n = 88 (85.4%) in the vandetanib control arm]. Serious AEs (SAEs) were reported in 57 (27.8%) patients; the number of patients who reported at least one SAE was smaller in the outreach arm (n = 27; 26.5%) versus the vandetanib control arm (n = 30; 29.1%). Drug-related SAEs were reported in 21 (10.2%) patients. The most frequently reported SAE was hypertension, which was reported by 2 patients in each group ( table 4 ) .
AEs with an outcome of death were reported in 6 (2.9%) patients -4 patients in the outreach arm and 2 patients in the vandetanib control arm (details for each patient are available in the online suppl. material).
Clinical Laboratory Evaluation, Vital Signs and ECG Changes
No clinically significant laboratory abnormalities, vital sign abnormalities, or ECG changes other than QT prolongations were observed in this study. .9) 4 (3.9) 7 (3.4) Insomnia 2 (2.0) 4 (3.9) 6 (2.9) Dyspnoea 4 (3.9) 2 (1.9) 6 (2.9) Abdominal pain 4 (3.9) 2 (1.9) 6 (2.9) Dry skin 2 (2.0) 4 (3.9) 6 (2.9)
The results include AEs with an onset date on or after the first dose and up to and including 60 days following the last dose. If the patient remained on the study medication after 12 months, only new SAEs were collected until 60 days after the last dose of the study medication. The results include AEs with an onset date on or after the first dose and up to and including 60 days following the last dose. If the patient remained on the study medication after 12 months, only new SAEs were collected until 60 days after the last dose of the study medication.
Discussion
There is a need to anticipate and effectively manage therapy-related AEs with vandetanib in order to maximize the clinical benefit [21] . The REMS programme exists to ensure that only certified prescribers may prescribe vandetanib. Early detection, intervention and coordinated management of vandetanib-associated AEs, together with patient awareness of AEs, are also crucial for successful treatment. The current study investigated whether more frequent contact with patients would decrease the percentage of time patients experienced AEs of CTCAE grade 2 or higher in the first 12 months of treatment with vandetanib. Results indicated that additional outreach from certified prescribers to patients treated with vandetanib had no significant impact on either the rate or the severity of AEs, consistent with the predictable AE profile of this treatment.
The strengths of this study are its randomized design and large sample size. As such, the trial population recruited for this study is similar to that expected in clinical reality.
As an open-label study, it is possible that the findings of the primary endpoint may reflect an ascertainment bias associated with the more frequent patient contact in the outreach arm. The number of patients who reported at least one AE was slightly larger for those patients participating in the outreach programme than for those who did not take part in the programme (99 vs. 90%). The possibility that intervention in this study could have encouraged participants to be more aware of their signs and symptoms, thereby increasing the likelihood of reporting of an AE, cannot be discounted. It is well known that the use of patient-reported outcomes leads to increases in the number of toxicities reported [24] . This is also supported by the fact that the pattern of AEs in the outreach arm is fully comparable to the pattern reported in the pivotal phase III study, for which the reporting of AEs was more meticulous because the study was a registration study [20] . Similarly, a heightened awareness of AEs among the patients participating in the outreach programme may have increased the likelihood of vandetanib discontinuation. The fact that only centres experienced in the treatment of patients with vandetanib were involved in this study may have also resulted in some bias in the results; these centres have dedicated and experienced study nurses who can easily be contacted by patients with problems. As such, more AEs may have been reported in the outreach arm. Indeed, findings from other studies have shown increased reporting rates for AEs with the use of solicited versus spontaneously reported collection methods [25, 26] , and solicitation of AEs is thought to be more sensitive since questionnaires or checklists prompt patients to report events [25] . Given that a number of AEs are typically seen in the first 3 months of vandetanib treatment [27] , another explanation for the findings of the current study is that the benefits of frequent patient contact might not be apparent over a prolonged treatment period of 12 months. It is noteworthy that there was a slight reduction in the number of SAEs reported in the outreach arm (26.5 vs. 29.1%); it is possible that this is because AEs were reported and treated earlier before becoming more serious in nature.
The duration of vandetanib treatment was similar across the 2 study arms. The types and severity of AEs were generally similar in both treatment arms and consistent with the known safety profile of vandetanib [17, 18, 20] and the mechanism of action of VEGFR and EGFR inhibition [28, 29] . The most common AEs with vandetanib treatment were diarrhoea, hypertension, rash and nausea; these AEs were also the most commonly reported events in the phase III registration trial of vandetanib [20] . In the current study, we found that the overall incidences of diarrhoea and hypertension for patients receiving vandetanib were similar to those in the ZETA trial (diarrhoea, 51.7 vs. 56%, and hypertension, 33.7 vs. 32%, respectively), whereas rash, nausea and prolonged QT were reported at a lower rate (rash, 24.9 vs. 45%; nausea, 22 vs. 33%, and prolonged QT, 7.8 vs. 14%, respectively) [20] . Similarly to the phase III registration trial [20] , a protocol-defined QTc prolongation was observed in 8% of the patients and there were no reports of torsades de pointes. No clinically significant laboratory abnormalities, vital sign abnormalities or ECG changes were observed in the study. AEs were managed through the use of standard medical care, dose reduction, dose interruption, or permanent discontinuation of the treatment. The number of patients who discontinued treatment because of AEs was small (5.4%). It should be noted that prevention of AEs is an important part of treatment management with vandetanib. Two particular examples are: the use of protective clothing, such as gloves and hats, in addition to the use of sunscreens to prevention skin rashes; frequent blood pressure monitoring, as well as dietary recommendations on salt intake, for patients with normal to moderately high blood pressure is also indicated.
In conclusion, intervention via an outreach programme from certified prescribers did not show any additional benefits in terms of the percentage of time patients experienced at least one AE of grade 2 or higher compared to a standard AE monitoring schedule. Addi-
